Background/Objectives: Lower-income subgroups consume fewer servings of fruit and vegetables (FVs) compared with their more advantaged counterparts. To overcome financial barriers, FV voucher delivery has been proposed. Subjects/Methods: In a 12-month trial, 302 low-income adults 18-60 years old (defined by evaluation of deprivation and inequalities in health examination centers, a specific deprivation score) were randomized into two groups: dietary advice alone ('advice'), or dietary advice plus FV vouchers ('FV vouchers') (10-40 euros/month) exchangeable for fresh fruits and vegetables. Self-reported data were collected on FV consumption and socioeconomic status at baseline, 3, 9 and 12 months. Anthropometric and blood pressure measurements were conducted at these periods, as well as blood samples obtained for determination of vitamins. Descriptive analyses, multiple linear regression and logistic regression were performed to evaluate the impact of FV. Results: Between baseline and 3-month follow-up, mean FV consumption increased significantly in both the 'advice' (0.62 ± 1.29 times/day, P ¼ 0.0004) and 'FV vouchers' groups (0.74 ± 1.90, P ¼ 0.002), with no difference between groups. Subjects in the FV vouchers group had significantly decreased risk of low FV consumption (o1 time/day) compared with those in the advice group (P ¼ 0.008). No change was noted in vitamin levels (vitamin C and b-carotene). The high number of lost-to-follow-up cases did not permit analysis at 9 or 12 months. Conclusion: In the low-income population, FV voucher delivery decreased the proportion of low FV consumers at 3 months. Longer-term studies are needed to assess their impact on nutritional status.
Introduction
A diet poor in fruit and vegetables (FVs) is associated with an increased risk of certain cancers and heart disease and stroke (Hung et al., 2004; Dauchet et al., 2006; He et al., 2006; WCRF and AICR, 2007) . Consequently, increase in FV consumption is a public health priority in many countries (WHO, 2004; Castetbon et al., 2009) . According to the literature, socioeconomic status is a major determinant of FV consumption (Kaplan and Keil, 1993; Kamphuis et al., 2006; Darmon and Drewnowski, 2008) . In the majority of European studies, FV consumption is decreased in those with lower income (Kamphuis et al., 2006) or education (Roos et al., 2001 ). The differences in the intake of FVs were, respectively, around 30 and 15 g/person/day between persons in the highest level of education and those in the lowest level of education in Europe (Irala-Estévez et al., 2000) . Approximately 20-43% persons in the general population consume more than 400 g/day (4-5 servings) (AFSSA, 2006; Casagrande et al., 2007; Escalon et al., 2008; Castetbon et al., 2009) , as recommended (WHO, 2004) . Such intake is attained by only 18% of the low-income group (Dibsdall et al., 2003) , 20-30% of older low-income subjects in the United States (Johnson et al., 2004) and even lower among beneficiaries of food-aid programs in France (1.2%) (Méjean et al., 2010) .
It is therefore crucial to identify and evaluate means for increasing intake of FVs in low-income populations. Measures such as dietary advice have been shown to be effective, but are insufficient (Bowen and Beresford, 2002) . It was recently recommended that wide-scale strategies, including policy decisions, pricing and environmental changes, be used to increase FV intake (Glanz and Yaroch, 2004) . Financial help has been proposed to deprived persons in the form of vouchers exchangeable for foods, as shown in the Women, Infants and Children program (Owen and Owen, 1997) . Food vouchers are a means of addressing unaffordable prices of food or food insecurity among lowincome persons. Vouchers exchangeable for food increased FV consumption in low-income women (Herman et al., 2008) , pregnant women (Burr et al., 2007) and the elderly (Johnson et al., 2004) . In a study involving low-income adults with a control group, FV consumption was unchanged in the group that received advice alone, whereas it increased in the vouchers group (Anderson et al., 2001) .
Using a randomized controlled trial, we evaluated improvement in intake of FVs and plasma levels of biomarkers in a low-income population receiving both advice and FV vouchers exchangeable for FVs, in comparison with a population receiving dietary advice alone.
Subjects and methods

Subject recruitment
Recruitment was conducted from December 2007 to April 2008 among individuals undergoing health examinations at a center affiliated with the French National Insurance System (Social Security) (Bihan et al., 2010) . Participants with an evaluation of deprivation and inequalities in health examination centers score (a validated deprivation index based on a 11-item questionnaire) 440.2 were eligible (Sass et al., 2006) . Only one respondent could be enrolled per household. Additional eligibility criteria were age X18 years and absence of pregnancy.
We determined that a sample size of 145 participants per group would enable one to detect differences of 30% between the 'advice' and 'FV vouchers' groups in mean daily consumption of FVs at 3 months with 80% power, 5% significance and a two-tailed test, assuming a baseline consumption of 2.5 ± 0.9 FVs per day in this low-income population (Castetbon et al., 2009; Méjean et al., 2010) .
During the 4-month recruitment period, 1876 persons (48.8%) among 3841 who came to the center were found to be eligible. A total of 350 persons were invited to participate in the study on the recruitment days at the center and 302 agreed to participate and provided written informed consent. The most frequent reasons for refusing to participate were 'lack of time' and 'not interested.' This study was conducted according to the guidelines of the Declaration of Helsinki, and all procedures involving human subjects were approved by the French Data Protection Authority and by the Ethical Committee (Hôtel Dieu Hospital, Paris, France).
Data collection
Visits at baseline and 3 months included a socioeconomic status questionnaire, evaluation of FV consumption, and clinical and biochemical examinations. Socioeconomic status was determined via a self-administered questionnaire, and included job status, education, household composition, perception of socioeconomic situation, and availability and affordability of foods. At 3 months, compliance with the vouchers was assessed with a multiple-item questionnaire.
A short questionnaire previously used in a French deprived population (Méjean et al., 2010) was used to describe daily or weekly frequency of consumption of FVs and other food groups mentioned in the dietary guidelines of the French Nutrition and Health Program (Hercberg et al., 2008) , without estimating portion sizes. The FV group included all FVs and pure fruit juice. This semi-qualitative questionnaire was purposely chosen in this study including subjects with a low literacy level, in the context of their awaiting a health examination.
Clinical examination was carried out by nurses, and included measurement of blood pressure (tensiometer OMRON M5-I, Omron Sante France, Rosny Sous Bois, France); weight was measured to the nearest 0.1 kg using an electronic scale, with participants wearing indoor clothing and no shoes. Height was measured under the same conditions to the nearest 0.5 cm using a wall-mounted stadiometer. This health assessment is performed routinely for each subject followed by a medical consultation and referee for follow-up care as indicated.
Blood samples were obtained after 12 h fasting. Blood glucose, triglycerides, high-density lipoprotein cholesterol and low-density lipoprotein cholesterol were measured using an enzymatic method (Advia 1650, Bayer Diagnostics, Siemens, Saint-Denis, France). Blood for assessment of vitamin C, b-carotene, a-tocopherol, g-tocopherol and erythrocyte folate was collected in tubes containing K3 EDTA and centrifuged (3000 g, 15 min, 4 1C). For vitamin C assessment, plasma was diluted (1:10) with an aqueous 5% metaphosphoric acid solution and kept frozen at À80 1C. Plasma vitamin C was further assessed using fluorometric determination by high-performance liquid chromatography (Speek et al., 1984) . Blood for assessment of b-carotene, a-tocopherol and g-tocopherol levels was frozen at À80 1C and vitamin concentration were determined by high-performance liquid chromatography (HPLC system, Biotek-Kontron, 
Interventions
At baseline, all participants received dietary advice from a trained dietician during a face-to-face 15-20-min interview. Participants were specifically encouraged to eat five or more servings of FVs per day and were given the French Nutrition and Health Program guide providing dietary advice for the general population (Hercberg et al., 2008) and a leaflet destined for low-income populations containing specific nutritional advice, recipes, useful hints and so on. Participants were thereafter randomized into a dietary advice only group ('advice' group) or a dietary-advice-plus-FV vouchers group ('FV vouchers' group), using a computergenerated randomization scheme, with stratification by age group (5-year categories), gender, number of persons in the household and place of residence. In the advice group, subjects had no other intervention. In the FV vouchers group, subjects received FV vouchers to be exchanged exclusively for fresh FVs, excluding processed foods (for example, juices), canned and frozen products. Potatoes were excluded. The amount was adapted to family composition: 10 euros per month for a single person, 20 euros for a couple without children, 30 euros for a couple with one or two children (under 18) or an adult alone with one to three children, and 40 euros for a couple with more than two children or an adult alone with more than three children. Difficulties in exchanging FV vouchers were resolved by giving the subjects a restricted list of 22 compliant supermarkets out of 50. All subjects were further contacted by phone (three phone calls maximum) or mail to schedule appointments. At these visits (3, 9 and 12 months), subjects from both groups were seen by the study dietician for verifying the dietary data.
Data treatment and statistical analysis
All data treatment and statistical analyses were performed using SAS (version 9.1.; SAS Institute, Brie Comte Robert, France).
Declared FV intake was expressed as daily intake frequency. On the basis of questionnaire items concerning FVs, a frequency variable was created. Low frequency of FV consumption was defined as less than once a day. We carefully evaluated vitamin C and b-carotene status, the main vitamins associated with FV intake. Deficiency in vitamin C status was defined as moderate (o11.36 mmol/l) (Wrieden et al., 2000) or severe (o28 mmol/l) (Mosdøl et al., 2008) . Deficiency in b-carotene status was defined as a level lower than 0.3 mmol/l (Hercberg et al., 1994) . Logarithmic transformation was used to improve normality of the b-carotene distribution.
The deprivation indicator score was categorized as a two-class variable (moderate and severe deprivation), with a median of 60.5 in the baseline sample. Smoking status was recoded into two categories: 'smoker' and 'never-smoker/ former smoker'. Job status was classified into four categories: 'full-time job', 'part-time job', 'unemployment with employment insurance' and 'unemployment without employment insurance'. A variable 'change' was created to compare socioeconomic household status between baseline and follow-up: 'no change', 'improvement' and 'worsening'.
Among subjects who completed the study, individual characteristics, consumption of FVs, and vitamin status at baseline and 3-month follow-up were compared between groups using the Student's t-test and w 2 -test, as appropriate. In each group, characteristics of individuals remaining at 3-month follow-up were compared with those at baseline using a paired Student's t-test. Data are reported as mean ± s.d.; Po0.05 indicated a significant difference.
To assess the effect of the intervention on FV intake and on vitamin C and b-carotene status, multiple linear regression and logistic regression were performed. Linear regressions were performed by calculating the coefficient of regression between intervention group and FV intake, vitamin C or b-carotene levels at 3 months. Each model was adjusted for baseline value of the variable of interest, smoking status, change in socioeconomic household status and evaluation of deprivation and inequalities in health examination centers score. Logistic regressions were performed by calculating odds ratios and 95% confidence interval to determine the strength of the association between the group (advice or FV vouchers) and low frequency of FV consumption (o1 time/day), vitamin C deficiency (o11.36 mmol/l and o28 mmol/l) and b-carotene deficiency (o0.3 mmol/l) at 3-month follow-up.
Results
Description of the sample Among the 302 included subjects, 54% had a full-time or part-time job and 58% had a secondary or higher education level. In addition, 44% of participants lived by themselves and 58% had at least one child. A majority of the subjects were overweight or obese (65%). Advice and FV vouchers groups were composed of 152 and 150 subjects at baseline, respectively, then 62 and 73 at 3 months, 25 and 47 (P ¼ 0.002) at 9 months, and 16 and 30 (P ¼ 0.002) at 12 months. There was no significant difference in the main characteristics between advice and FV vouchers groups either at baseline or at 3-month follow-up (Table 1) .
FV voucher use and compliance
Among participants seen at 3-month follow-up, FV vouchers were well accepted by most subjects. Only one person declared being embarrassed at using FV vouchers and five other subjects stated that they did not use them, without giving a reason. Some problems in their use were pointed out. For eight participants, supermarkets were perceived as Fruit and vegetable vouchers for increasing fruit and vegetable intake H Bihan et al being too far from their homes. A total of five persons cited date of validity as a problem, since the 2-week period of validity started when FV vouchers were sent to participants. In addition, 14 persons experienced refusal of their FV vouchers at cash desks.
Impact of the intervention on FV consumption and vitamin status
For the total sample at baseline, 93% of sampled subjects had FV intakes falling below recommendations (o5 times a day) and 29% consumed them less than once a day, whereas, at 3-month follow-up, distribution of subjects was, respectively, 92% and 15% (P for trend o0.0001).
Between baseline and 3-month follow-up, frequency of FV consumption increased significantly in both the advice (0.62 ± 1.29 servings/day, P ¼ 0.0004) and FV vouchers groups (0.74 ± 1.90, P ¼ 0.002) ( Table 2 ). The FV vouchers group tended to have a higher mean daily intake of FVs than the advice group, whereas the percentage of low consumers was significantly lower in the group receiving FV vouchers, that is, five times lower than in the advice group. The percentage of low consumers remained significantly lower in the intervention group after adjustment for baseline consumption, smoking status, level of deprivation and change in socioeconomic status of the household (Table 3) .
Mean vitamin C status and that of other vitamins (data not shown) was similar between groups at baseline, and remained comparable to 3 months, with no differences between groups when considering subjects with moderate or severe deficiency. Except for b-carotene status, there were significantly more individuals with low levels in the FV vouchers group than in the advice group at baseline and 3 months. Mean b-carotene status did not differ between groups at baseline for the entire cohort (data not shown). Vitamin levels at 3 months were identical in the two groups after adjustment (Table 3) .
Discussion
Our study indicated that a 3-month program consisting of FV voucher distribution (exchangeable for fresh FVs) and FV intake advice is effective in decreasing the percentage of non-daily FV consumers. The group receiving FV vouchers did not show either a higher increase in mean intake or a change in relevant biomarker levels compared with the group-receiving dietary advice. However, we observed an increase in mean consumption in both groups of deprived subjects.
Indeed, the significant increase in FV consumption reached 0.69 servings/day in the full sample, 0.74 servings/ day in the FV vouchers group and 0.62 in the advice group. This result is in line with other intervention studies utilizing nutritional education programs, personal visits, group meetings (0.4 to 1.1 servings/day of FVs in low-income populations (Pomerleau et al., 2005) or 0.1 to 1.4 servings/day in the general population (Ammerman et al., 2002) ). However, the Fruit and vegetable vouchers for increasing fruit and vegetable intake H Bihan et al relatively limited increase that we found might have been due to the short duration of the program or due to a particularly high level of deprivation (only half of the subjects had full-or part-time employment). Although the difference was not significant, the FV vouchers group tended to have a higher frequency of FV consumption than the advice group at 3 months. FV voucher delivery could be a means to address financial barriers in FV acquisition (Kamphuis et al., 2006) . Other studies involving FV vouchers have shown the effectiveness of vouchers delivery compared with a control group. In the Women, Infants and Children program, which delivered $10 FV vouchers exchangeable for various foods, mean consumption of FVs increased by 0.9 to 2.4 servings/day after a 6-month intervention period in the group receiving vouchers, whereas there was no increase in the control group (Herman et al., 2006 (Herman et al., , 2008 . In another program in a lowincome population, the strongest impact was achieved via a combination of information and coupons (Anderson et al., 2001) . In the Seattle Senior Farmers' Market Nutrition Pilot Program, bi-weekly market baskets (with fresh produce) were delivered to low-income seniors (460 years) (Johnson et al., 2004) . The control group received a serving-size guide with pictures of representative foods. The basket recipients reported an increase of 1.04 servings/day versus À0.27 servings/day in the control group. FV vouchers could have a greater long-term impact than measures involving dietary advice only. In our study, participants were more likely to remain in the FV voucher group. In a similar study, the increase in FV intake was sustained in the intervention groups 6 months after the end of food voucher delivery (Herman et al., 2008) . (Bihan et al., 2010) , who are persons at high risk of developing cardiovascular diseases (Hung et al., 2004) . Similarly, the strongest effects of programs aimed at increasing FV consumption were observed among individuals at high risk of disease (Pomerleau et al., 2005) . Thus, targeting of FV voucher delivery should be aimed at non-daily FV consumers with a high probability of low FV consumption, such as young people and populations with low education levels and high food insecurity (Bihan et al., 2010) .
Despite an increase in FV consumption, there was no impact of the intervention on vitamin status at 3 months. A previous intervention with higher increased intake showed an impact on some vitamin levels (that is, an increase from 1.4 ± 1.5 servings/day) (John et al., 2002; Steptoe et al., 2003) to 4.7 servings/day (Zino et al., 1997) ). In low-income pregnant women, serum b-carotene concentrations increased in the FV vouchers group, for which fruit juice consumption increased by 34.8% (Burr et al., 2007) . The short duration of follow-up could be one of the reasons for the lack of change in vitamin status in our sample, although an increase in vitamin C and b-carotene has been previously demonstrated after a 4-week program (Zino et al., 1997) . In addition, the strength of the correlation between FV consumption and vitamin plasma concentrations varied by type of vitamin (Zino et al., 1997) . At baseline, a significant difference in b-carotene status between the advice and FV vouchers groups might have been due to non-random attrition at 3 months.
This study is the first in Europe to demonstrate satisfactory acceptability of FV vouchers by volunteers and the feasibility of such an intervention. The major limitation was the high number of participants lost to follow-up, a common difficulty encountered in intervention studies involving low-income populations (Kunkel et al., 2003; Symon and Wrieden, 2003) . A longer follow-up had been planned (9 and 12 months), but as loss to follow-up was particularly high, results are not presented. Barriers to implementation of the intervention include poor literacy and poor math skills, domestic instability, stress, etc. (Winkleby et al., 1997; Dibsdall et al., 2003) . Moreover, data collected using a very short food frequency questionnaire, without recording portion sizes, are not as accurate as data gathered using classical validated food frequency questionnaires. In addition, food frequency methods are less precise than are dietary recall or detailed food recording methods (Willett, 1998) . However, we chose a short questionnaire in order to minimize respondent burden. Reliability and validity of this questionnaire in this deprived population should be addressed. Means for improving diet assessment in low-income populations without weighting down the interview should be evaluated.
In conclusion, an intervention program involving FV vouchers plus advice, compared with advice alone, may help to increase consumption of FVs in a low-income population, but only for low consumers at baseline. Both interventions increased mean intake in this deprived population. Although no impact on vitamin status was demonstrated, these findings remain important, as lowincome populations have been shown to be at higher risk of developing nutrition-related chronic diseases. Future programs focusing on improving diet in low-income populations might therefore consider the use of FV vouchers as a tool for increasing consumption of FVs.
